Mechanism of long-term potentiation in the hippocampus--a quantal analysis study.
We addressed a question as to whether long-term potentiation (LTP) results from an increase in amount of neurotransmitter liberated in response to presynaptic impulses or from an elevated responsiveness of postsynaptic neurons to the neurotransmitter. As a model of LTP, we took a potentiation of synaptic transmission by phorbol diacetate, and applied quantal analysis. Unitary excitatory postsynaptic potentials (EPSPs) were induced in CA3 neurons by activation of single granule cells in thin transverse sections of the hippocampus of the guinea pig. A series of EPSPs was recorded before and during administration of phorbol diacetate at 100-450 nM, the amplitude of all recorded EPSPs was measured, and the values of mean quantal amplitude (q) and mean quantal content (m) were calculated by variance method. In control solution, the values of m and q were 9.7 and 1.1 mV, respectively. Potentiation of synaptic transmission by phorbol diacetate was accompanied by increases in the value of m. The value of q remained unchanged in most neurons and decreased in some. These results indicate that the phorbol ester causes an increase in release of transmitter and thereby potentiates transmission through synapses between mossy fibers and CA3 neurons.